This paper presents a method of solution for the displacement, stress, and strain due to a point defect located inside a sphere. The solution is represented by a Love stress function in spherical coordinates, which is biharmonic in character. Two axisymmetric types of the point defect are considered. One is treated as a center of dilatation and the other as a double force without moment, or a doublet, oriented axisymmetrically. The Love stress function for the point defect in an infinite solid is specified in each case by a single biharmonic function. The residual tractions on the surface of the sphere left by this function are annulled by superposing two series of biharmonic functions. When the Love stress function is determined, the displacement, stress, and strain can be derived straightforwardly.
INTRODUCTION
A point defect in a crystalline solid is usually treated as a center of dilatation 1.2 when it is spherically symmetric. The anisotropy of the solid is neglected in the sense that the solid is idealized as a homogeneous isotropic elastic medium. Such a treatment is satisfactory only when the solid is of infinite size. When it is of finite size or at least one of its dimensions is finite, residual tractions are left on its boundary. Such tractions vanish identically on a boundary located at infinity. In 1954, Eshelby3 proposed to introduce an additional system of negative tractions to annul the residual tractions.
tion. When such a function is determined, the displacement, stress, and strain in the sphere can be derived straightforwardly.
The determination of displacement or stress in a solid directly by integration when only the surface tractions are known generally presents mathematical difficulties. This was mentioned by Eshelby himself and also later by Dundurs and Guell. 4 The displacement, stress, and also the strain in the solid can be derived from one or more sets of biharmonic functions appropriate to the problem. Several approaches are available to achieve the purpose. The solution is considerably simplified whenever the problem possesses an axis of symmetry.
A center of dilatation is by nature a spherically symmetric elastic singularity, which can be resolved into three mutually orthogonal double forces without moment of equal strengths. Since each double force without moment can be treated separately, it is possible to construct a point defect of unequal strengths in orthogonal directions. For brevity, a double force without moment will henceforth be described as a doublet.
This paper presents a method of solution for the displacement, stress, and strain due to a point defect located inside an idealized sphere. Two types of the point defect are considered. One is treated as a center of dilatation and the other as a doublet oriented axisymmetrically. Both types possess an axis of symmetry. Love's 
COORDINATES AND FORMULAS
Define a set of spherical coordinates (p, <p, e) by x = p sin <p cos e,
where (x,y,z) is a set of cartesian coordinates with its origin at O. Also let J.l = cos <p.
(2)
In the axisymmetric case with the z axis as an axis of symmetry, the Love stress function is independent of e. The formulas for the components of displacement, stress, and strain referred to spherical coordinates were given by Ling and Yang 6 some time ago. They are as follows: (i) For the components of displacement,
(iii) For the components of strain,
The other components vanish identically. The expressions for u '" and Uo are here modified slightly for simplicity. v is the Poisson ratio and G the modulus of rigidity. V 2 is a Laplace operator. For the axisymmetric case, it is given in spherical coordinates by 
This set of spherical coordinates has its pole on the z axis at the point 0* or z = e. Similarly, let J1* = cos ¢J *.
Consider a center of dilatation of strength s located on the z axis at the point 0* inside a sphere p<a. Suppose that the Love stress function in question is composed of two parts as follows:
The first part is the Love stress function for the center of dilatation in an infinite solid. The second part is added to annul the residual tractions on the surface of the sphere left by the first part. We construct
where Qo is a Legendre function of the second kind of order zero and P n a Legendre function of the first kind of degree n.
An and Bn are parametric coefficients. Both parts are biharmonic.
From the first part X 0' we find the following radial components of displacement and stress by Eqs. (3) and (4) 
With proper choice of units, the first relation defines s or the strength of the center of dilatation.
Whenp> lei, Xo can be expanded into the series:
The following normal and tangential components of stress are derived from X, or the sum ofXo and X!, for p> lei:
The prime on P n denotes a derivative. They are found with the aid of the following relations:
and also the recurrence formulas 7 for P n • Consequently, the normal and tangential tractions on the surface of the sphere are annulled if we substitutep = a into Eq. (13) and equate each coefficient of Pn (,u) as well as of (1 -J12)! /2 p ~f.p,) to zero. This leads to two sets of equations, of which the solution is B3 = 12Gs ,
28 Gse 2
, n> .
The preceding solution does not include A I' A z , and E 2 • The term involving A 1 produces no effect on both displacement and stress and may therefore be omitted. The terms involving A2 and B2 produce no effect on stress but each gives a rigid body displacement in the z direction of amounts -A2/,
G and E 2 (5 -6v)/G, respectively. lfthe rigid body displacement of the sphere is zero, these terms are absent. The components of displacement and stress are given below:
The sphere is assumed to undergo no rigid body displacement. For the sake of brevity, the components of strain are not shown. They can be found readily from Eq. (5) whenever needed.
It gives a concentrated force P in the z direction at the point 0* of amountS
A DOUBLET
Consider a doublet located on the z axis at the point 0* or z = C inside a sphere p;;.a. Let the doublet be oriented axisymmetrically in the z direction. Likewise, suppose that the required Love stress function is composed of two parts as follows: 
Let a concentrated force P Ih be applied at the point 0* or z = C in the z direction and an equal and opposite concentrated force be applied at the point z = C -h on thez axis. When h tends to zero while the concentrated force P remains constant, we obtain a doublet at the point 0* oriented in the z direction. The corresponding Love stress function is
which gives the following radial components of displacement and stress referred top* andJl*:
p.
(24)
Suppose that three mutually orthogonal doublets each of strength s are combined to form a center of dilatation of strength s. It can be shown that
The first part Xo in Eq. (23) can be expanded for p > lei into the series:
'" ne n -
from which the following normal and tangential components of stress are found:
The second part X I is constructed as follows: 00 00 XI= I Anpnpn{;.l) + I B n + 1 pn+
which is the same as in Eq. (10), except that the terms involving AI' A 1 , and Bl are now absent. This implies that the sphere undergoes no rigid body displacement. The components of stress derived from X I are the same as the corresponding parts in Eq. (13). The residual normal and tangential tractions on the surface of sphere are therefore annulled if we substitute p = a into the expressions for up and up</> derived from X, or the sum of Xo and XI' and equate each coefficient of Pn{;.l) as well as of (I -,u2)1/1p~{;.l) to zero. Likewise, two sets of equations are obtained. Their solution is
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The following components of displacement and stress are found from the first part Xo: (p,u -2e,u2 
p* wherep· is given before in Eq. (18). The components of displacemen t and stress from the second part X I are the same as the corresponding parts in Eqs. (16) and (17). The components of strain are given by Eq. (5).
THE PARTICULAR CASE c = 0
In the particular case e = 0, the point defect is located at the center of the sphere. The solutions are considerably simplified. For a center of dilatation of strength s, 
For a doublet of strength s oriented axisymmetrically about the z axis,
where 2Gs ( 4(4 -5v) 25(7 -V) ) 1_6-,--(7_-_9v--,) In either case, the rigid body displacement is assumed to be zero. 
NUMERICAL EXAMPLES
The components of displacement on the surface of the sphere p = a are computed in both cases for the following values: a = 2, v =!, c = aWi.
(35)
The sphere is assumed to undergo no rigid body displacement. The results are shown in Tables I and II. 
